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Description 

Backflrpund and Summary of the Invention 

PKNH] The Invention relates generally to curable composttlon Ibr making dental appliances in aocordanoe with the 
preamble of claim 1. 

[0002] Interooclusal appliances, commonly refen^d to as spDnts, are well known, and are used to secure or hold In 
proper position (or desired range of poslttons) the mandible of a patient. Splints may be used for orthodontic treatment, 
as well as Ibr orthopaedic treatment of the bone, Joints and supporting tissue associated with the mouth. 
[0003] For example, splints are used to treat various conditions including temporo-mandibular Joint (TIM J) dyafunctton 
syndromes, myofroclal pain dysiiindion syndrome, and symptomatic or asymptomatic loss of tooth stnictuie from 
subconscious pamfunctional mandibular habHs known as bruxism (grinding) or clenching. Splints are also used to 
reduce wear on teeth caused by metal or porcelain dental restorations during normal, functional or panafunctlonal 
mandibular movement Splints may be also be used as anti-snoring devices to resolve snoring problems and obstructive 
sleep apnea (OSA). 

[0004] Several unimaterial, conventional splints have been proposed but there are certain problems common to all 
of them. Rrstp none of the so-called "^off spGntB remain soft over time. Conventional ^ints harden over time due to 
their composition and/or due to leaching out of unreacted plastidzere pr^ent in them. Such hardening Is a drawt>ack 
because soft, resilient splints are prefened . Soft splints are preferred because they are more comfortable to wear than 
hard appliances, and because they provhie improved retention of the splint liekl by the teeth. 
[0005] A second drawbacic assodated with such splints is that they are notoriously imprecise in terms of vertical and 
lateral positioning of the mandible under dedred patlent-btte conditions before Ihey harden. Precise vertical and lateral 
positioning of the mandible Is crfticalto proper ofthodorrtic/orthopedic treatment The section of conventional soft splints 
that Is sandwiched by opposing sets of teeth is Imprecise because It "gives" an Irregular amount when the patient bites 
down under nomial pressure, resulting In reduced TMJ stability in aD dimensions. 

[OOOq Certain proposals have been made to make splints and ether dental appliances out of two materials with 
differentiated hardnesses. Apparently, the kJea is to use harder material In such appliances where harder materlai is 
needed and softer material where It is needed. For example, such proposals have been made In U.S. Patent No. 
4,448,735 to Huge. U.S. Patent No. 3,404,056 to Baldwin, U.S. Patent No. 2,934,823 to Preis. U.S. Patent No. 
4,419,992 Id Chorbejian and U.S. Patent No. 2,789^1 to Gordon. However, none of the prior art pnsposals has been 
effective in oversomlr^ the above-identified problems for splints. 

[0007] JP 61249908 relates to a dental plate resin fonhing composition containing tert amine as polymerisation 
catalyst and polymerisation inhibitor with reducing material. 

[0008] Accordingly, it is a principal object of the present invention to provide an Improved soft, persistently resilient, 
interooclusal dental appliance. 

[0009] Anottier object is to provide such a composition Ibr a dental appliance to Impart In it the characterteUc of being 

reiafiveiy soft and persistently resDIent at nrKxitti temperature for the working life of the appliance. 

[001 (Q Still another object te to provide an Improved dental appliance that Is comfbrtabie to wear. 

[001 1] it Is also an object of the invention to provide such an appliance that can be easily and cost-efHsclively man- 

ufiactured. 

[001Z] in brief aummary, the invention Includes a soft, persistently resillent, plural-material, interocclusal dental ap- 
pllanoe as defined in claim 1. The soft, perslstenfly resilient appliance according to the present Invention offers in- 
creased patient comfort and Improved tooth retention. 

[001 3] These and otiier objects and advantages of the invention will be more dearly understood Irom a consideration 
of the accompanying drawings and the fioiiowlng description of the preferred enrtedlment. 

Brief Description of the DrawinHS 

[0014] In the Interest of clarity, it will be appreciated tiiat the preferred embodiment of tiie Invention is illustrated and 
described consistently, with respect to orientation, relative to its use in a patients nr»utti. Thus, the orientation of the 
dental appilanoe illustrated in Figs. 1 thnMigh 4 is described, using anatomical terminology, as though the appliance 
were positioned In the mouth. 

Fig. 1 Is a top view of the prefened embodiment of the Invention which Is In place in the mouUi of a patient, showing 
the Mpper teeth of the patient located In tiie appliance but blocking out all remaining portions of the moutti. 

Fig. 2A is a right, buccal side view of the preferred embodiment of the Invention shown in Fig. 1 with certain portions 
of tiie mouth shown. 
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Fig. 2B \b b right, buccal side view similar to Fig. 2A only showing a second embodiment of the invention. 



Fig. 3 Is a fragmentary sectional view through line 3-^ of Fig. 1 which also shows portions of the gumeand Jaw of 
the mouth as well as a pair of opposing teeth. 

Fig. 4 Is a secGonai view through lines 4-4 of Fig. 3. 

Detailed Description of ttie PreferrBd Emtxxflment 

ipol q Rgs. 1 and 2A depict top and side views of the invented unitary, plural-matenal interocdusal dental appliance^ 
made in acoordance with Hs prefened embodiment and indicated at 10. Preliminarily, it should be understood that 
appliance 10 may also be thought of as a TMJ dysfunction appliance. As will be understood, appliance 10 may be 
used by a patient for orthodontic^orthopedlc treatment of the teethp Joints and bone associated with a patient's mouth. 
[0016] Focusing first on Fig. 1, appliance 10 preferably has a generaDy U-shaped body 12. The inner U-shaped 
border ^2B of body 12 corresponds to the tongue or lingual side of the eppilanoe and the outer U-eheped border 1^ 
conesponds to cheek or buccal side of the appliance. " 
[0017] Referring to Rgs. 2-3, body 12 includes a first region 14, also referred to as an occlusal layer or a relatively 
hard occlusal layer, Joined toa second region 16, also referred to as ajacketlng section. Furtherdiscussion cf techniques 
forfomning body 12 will follow soon. As for joinder of the two regions, suchjolnder may be acoompiished by any suitable 
method such as by txsnd ing them together. i^Hrst region 14 Is tbrmed from a first material and second regton 16 is formed 
from e second material, end both materials will be more particularly described belowL 

[0018] inferring to Figs. 2A and 3, Urst region 14 talces the Ibmn of an expanse 18 with firait and second surfeces 
18a, IBb, respectively. Preferably, expanse 16 b constructed with a substantially planar second surfece 18b but, as 
shown in Fig. 2B, a second embodiment of the Invention is shown as an appliance 110 which includes expanse being 
formed with a second surface that conforms to the cusps of the lower teeth. The significanoe of constructing second 
surface to conform with the cusps of the lower teeth will be described below 

[0019] Referrir^ again to Fig. 3, second surfece 1^ is contactabie by one set of te^, such as the patient's lower 
teeth, one of which is shown at 20 in Fig. 3. Second region 16 tslces the fomn of an enclosure (or jaclceting section) for 
the patlenf s opposing set of teeth, such as the upper teelh, one of which is shown at 22. It should of course be under- 
stood that appliance 10 may be formed so that the jackaling section Is usable on either the upper or lower set of teeth. 
[0020] Referring to teeth 20 and 22, each includes conespondlng roots 20a, 22a which are shown positioned In lower 
and upper Jaws 24, 26, respectively. Each tooth also includes conespondir^ cusps 20b, 2:^. Each cusp may be thought 
of as having a top 20c, 22c and ^es 20d, 22d, respedh^ely. 

[0021] Referring to Rg. 3 - 4, one can see that second region 16 is formed with plural zones 28 which preferably 
take the form of openings that allow cusps 2^ to contact first surface 16a of first regbn 18. Zones 28 may also be 
thought of aa means for providing communteaion between selected ones cf Jacketed teeth (such as tooth 22 of Fig. 
3) and first surface 1fl|a of planar expanse 16. 

[002^ Referring to Rg. 3 zone 28 eac^ allow cusps 22b, to penetrate into first region 14, respectively. Such pene- 
tration wOi be discussed forther, but first H is important to understand certain details about the first and second material 
from which first and second regions 14, 16 (Rg. 3) are formed, respectively. 

[0023] Referring again to Rgs. 1 - 3, first regton 14 may be fbmned of any suitable relatively hard matertal that will 
allow toeth to penetrate Into it only a relatively small, yet precise amount Preferably, the first matertai is formed from 
known curable, acryllo-based polymer formuietions that are commonly used in the field of ortho-dontlcs, such as 
poiymethyl methacrylate (PMMA). PMMA, when cured, has a hardness that is greater than the to-be-described second 
material which is used to fomn second region 16. 

[0024] Still referring to Figs. 1 - 3, second region 16 Is formed from a second material which forms one aspect of the 
present Invention. This second material is charactarized by a curable composition that is usable to make a soft, per- 
sistently resilient dental appliance. The composition includes a polymer component InciudinQ butyl methacrylate pol- 
ymer, and a monomer component Including butyl methacrylate monomer. Preferably, the polymer component Is about 
20 - 80 % by volume of the composition. 

[002^ One example of a suitable composition for the second material is: 



EXAMPLE 1 



[002q 



Butyl Methacrytate polymer (BiMA-P) 10 g (9,35 mi) 



EP 0941 732 B1 



(conBnued) 



Butyl Methacrylate moni 


9mer(BMA-M) 


13,4 ml 


Benzoyl Peroxide 




0.2 g (0,15 ml) 



[0027] The butyl methacrylate polymer (BMA-P) Is available Ihsm E.I. Du Pont de Nemoure & Co., Inc. and la marketed 
under the trademark ELVACITE 2044. The butyl methaaylale monomer (BMA-M) is available Irom Rohm and Haas 
Co. Benzoyl peroxide Ib available from Spectnjm Chemical Mfjg. Corp. of Gardana, Callfoml& 
[0028] The above example composiHon may be mixed with 8ultat>le nryxing means and, one mixed, Is In a liquid atate. 
^0 A auttable mold may be formed using conventional processes such as those disclosed In U.S. Patent No. 4,654,006 
to Kuaano et al, U.S. Patent No. 4.080,412 to Colpitis et al and U.S. Patent No. 2,859,088 to Erdle et al. The liqtdd 
compoaltton Is Injectable into the moki cavity by using a ailtable syringe with sutldl>le pressure, and then a curing 
operation is followed to fbrnn the desired appliance. 

[0029] The newly formed appliance is persistently resilient based on In-fnouth aging tests performed on appliances 
f ^ made from the above-described curable composition. Such teats gave the fbllowlr^ results: 





AppOanceA 


AppBarx«e B 


Age 

hlardneas* (Shore D) 


3 wks. old - unused 
68.8 (73» F) 
58.8(99'»F) 


52 wis. old -used 
68.8 (73^ F) 
69^ (99* F) 



* Hardness reaiflngs for the above tests were Bveimed from <even pesdlnos taken At random iocadons. 



[0030] l^or to tbrnrtlng the unitary, plural-fnaterlai interocclusal appliance of the present Invention, certain conven- 
tional steps are followed and Itien certain novel steps are also perfomned. the latter forming another aspect of the 
Invention. The conventional steps Involve the usual unlmaterlal dentai-appllance-moiding techniques disclosed In the 
above patents. These conventional tedhnlques are also known as a "lost wax" m^od of forming a dentel appliance. 
[0031] Briefly, the techniques Involve forming a suitable cavity in a meld (also called a flask) that corresponds to the 
stiape of the desired splint A wax pattern of the splint is formed and placed In a desired position on a stone Impression 
of a desired set of the patients teeth. Then, the Impression and wax pattem are placed in a suitable mold with apruea, 
which Is then lOied with a suitable material, such as a hydrocoiloid material. Thereafter, the mold is put In a heated 
water bath to boil out the wax pattem and also to solidify the hydrocdloid material. The resulting mold includes a cavity 
that defines the desired splint 

[0032] The novel steps of the Invention include certain Improved steps practiced In connection with the above con- 
ventlonai molding techniques. The at>ove comfentlonai techniques are usable to form a unimatenal interocdusal dental 
appliance In the corresponding cavity of the mold. The Improved stops are practiced to form a unttary piuraMnaterial. 
Interucdusal dental appliance from such unimaterial one. 

[0033] From an overview, the method to manufacture the dental appliance according to the present Invention Invohres 
(1 ) removing a first section of tlie conventionally formed unlrrwterial interocdusal dental appliarx^ to expose a surface 
of a mcond section of it. (2) putting such unimaterial appDanoe back In the moid so that a void is defined by the removed 
first section. (3) filGng the void with curable material that Is difierent from the material used to form such unimaterial 
appliance, and (4) curing the newly formed appliance so that the two materiala bond together atong the surface of the 
second region, thus to form a unitary plural-materiai, Interocclusal dental appliance with the first aecUon made from 
material that is different from the second section. 

[0034 Now focusing on further detells of the method, efter conventionaDy forming and curing the unimaterial appli- 
ance it is removed from the moid and cooled. Such appliance would have the appearance of appliance 10 of Figs. 1 , 
2A and 3, only that It would be made solely of one mateiial (auch as the abov&4dentified novel composition) Instead 
of being made of two materials with corresponding regions like regions 14, 1 6. if the above-identified novel composition 
is used, it may be irijected Into the mold via the sprues and cured by placing the filled mold in a heated water bath of 
71" C (160° F) for about two hours at 1.30 bar (20 p.s.i-). 

[003$] It should be understood that appliance 10 in Rg. 3, which is a finished product, is now being used to forther 
d^ail the steps used to practtee the method of the Invention. Generally, such steps involve forming a plural-material 
appliance (appliance 10} from a unimaterial appGanoe (undeplded). With reference to Fig. 3, imagine that it depicts a 
fragmentary section of stone teeth and gums, and a unimaterial appliance fitted on the upper stone teeth, all of which 
reside in a conventional mold (undeplded). Such unimaterial appliance would iooic iiice appliance 10 of Fig. 3 except 
that it would be unimaterial Instead of having two regions 14. 16 made from diflenent materials. Next, according to the 
method of the Invention, the unimaterial appliance would be removed fkom the moid and a first sectton of it (cone- 
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spending to first region 14) would be removed with e suitable cutting devioe to expose a suifaoe in a second section 
of it (corresponding to second region 16). Such exposed surfaoe would correspond to the second-region side of the 
Interface between first and second regions 14, 16 In Rg. 1 . The result of such removal step would be to fbmri zones in 
the unimaterial appliance lilce zones, or openings, 28 (Figs. 3 and 4). 

s [0036] Then, the remainder of such unimaterial appliance Is put back in the mold and a void la fDrmed being defined 
by the Just removed section of the appliance. For example, again referring to Fig. 3, the just cut unimaterial appliance 
would be put bade in the mold In a p(»Hion like that of appDanoe 10 wHh region 16 ]aclcsling upper teeth such as tooth 
22. However, the Just cut unimaterial appliance would not have a section corresponding to region 14 because that 
would have been removed by the removing step. Next, suitable liquid PMMA is Injected into the conventional mold 

10 (undepicted) via sprues to fill the void. Such liquid does not flow up through the openings in the surface of the second 
region because the stone teeth bioclc such flow. To understand such relative positioning of the stone teeth and second 
section, Fig. 3 is again used to iliuatrate that the stone teeth would be positioned lllce upper tooth 22, which Is seated 
in region 16 (corre^nds Id the second section of the unimaterial appliance). TYw cusps of tooth 22 block holes 28 
by covering them. 

IS [0037] Continuing with the description of the method of the Invention, the conventional acrylio-based polymer In the 
moid is cured and the product is dentolded using conventional procedures. The product Is charBcteri^ t>y having a 
first region made from the above-described, relatively hard flrst material (see region 14 of Fig. 3) joined, or bonded, to 
a second region made from the above-described soft, persistently resilient second material (see region 16 of Rg. 3). 
[0038] To achieve an even grater bond between the two regions, a suitable bonding agent may be applied to the 

2D surfeoe that was exposed by the removing step prior to placing the unimaterial appliance back In the mold for iri|ecUon 
ofthe liquid PMMA. 

[0038] Turning now to Figs. 3 and 4, It will be appreciated that zones 28 altow an adjacent enctosed tooth, such as 
tooth 22, to move toward first surfaoe 18a of flrst region 14. Such movement results In penetration of corresponding 
teeth such as tooth 22 into the reletively hard first material of flrst region 14 for a relatively precise distance. Such 

26 penetration defines tateral borders in the fir^ material, such as those shown at 30, around such teeth. TTie result of 
both such types of tooth movement toward »panse 1 8 and such lateral-border formation Is that appliance 10 accom- 
modates relatively fixed vertteal and lateral positioning ofthe mandible by endoaing te^ such as tooth 22. 
[0040] Put another way, and refem'ng to Rg. 3 only, zones 28 allow advancement of cusps 22b into flrst surfaoe 18a, 
thereby to form a pocket 32 in the flrst surface whose ^lape corforms generaiiy to the cusp and has dimensions 

w spanning top 22c of the cusp and at least part way down sides 206 of the cusp. With such cusp advancement and 
pocket fbnnation defining lateral borders 30 In the first material of first region 14 around such teelh, the appliance 
accommodates relatively fixed lateral and vertical positioning of such endoaed teetti upon desired biting actton by the 
petlent. 

[0041] Refsning back to Fig. 3, another advant^e of appliance 10 of the present invention Is shown by the fact that 
35 soft, persistently resilient region 16 provides for improved retention of Jacketed teeth such as tooth 22 by extending 
apically to what are known as the undercuts of the tooth. Conventional hard spOnts cannot extend apicaliy to the 
undercuts, and conventional "soft" splints are only able to »dend to the undercuts before they eventually harden, at 
which point sudi extension Is impossible. 

[0042] Refenlng to Rgs. 3 - 4, it should also be understood that the exact number of zones 28 fbmied In a given 
40 area of region 16 may vary. To achieve the desired precise vertical and lateral positioning of the mandit>le described 
above, appliance 10 must be formed with at least ttiree such zones, two being located substantially distally form the 
sagittal plane and one being located substantially mesialiy from the sagittal plane. For example, rOfenlng back to Rg. 
1, such a requirement wouW necessitate forming two zones In regton 18 adjacent teeth 34, 36 that are distal to the 
sagittal plane (represented by dashed line 38) and one zone adjacent tooth 40 that is mesial to the CTglttal plane. 
4S [0043] Referring to Figs. 2A - 2B, It shoukl be apparent that the appinnce ofthe present invention may be constructed 
with expanse 18 having substantially ptanar second surface 1^ (Rg. 2A) or with ex|»nse having second surfaoe that 
conforms generally to the cusps of a desired set of tseth su^ as the lower teeth. The latter embodiment results in a 
splint thst is usable as a so-called anatomteai splint, or repositioning splint which Is used to do what is known as 
''recapture the disk" associated with flie TMJ. The former embodiment Is for spDnts that are to be used as relaxation 
59 or atabOlzation splints. 



Claims 

as 1. A soft, perslstsntty resilient, plural-material, interoociusal dental appliance (1 0), comprising: 

a body (12) Including a soft Jacketing region (16) being made from an injectable, curable composition that 
Includes a polymer component made aubstantially of butyl melhacrylate polymer, a monomer component made 
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substantially of butyl methaciylate mono-mer, and an effective amount of pdymerizino agent, said body (12) 
further including a harder occlusal region (14) with the soft Jadceting region (16) formed from the composition 
being bonded to the harder occlusal region (14). 

2i The interocciusal dental appliance of dalm 1, wherein the polymer component ie about 20 - 80 % tiy volume of 
the curable composition. 

3. The interocciusal dental appliance of dabn 2 being fomned as a tempoTD-mandlbular Joint dysHinction appliance. 
10 4. The interocdusai dental appliance of dalm 2 being fbrrned as an anti-snoring device. 



Patsntanaprflclie 

15 1. Welche, dauerelastische, eus mehreron vyfericstof^ hergestelite, interoodusele zahnmedizinische Vbrrlchtung 
(10), fblgendes umffiessend: 

einen K5rper (12) n^ elnem %veichen etntaschenden Abschnitt (16), welcher aus elnersprltzbaren, hdrtbaren 
Verbindung hergestelit ist, enthaitend sine Potymerkomponente, die im wesenHichen ens Butylmetacrylsau- 
2D reester-Polymer hergesteilt ist, e!ne Monomerlcomponente, die im wesentOchen aus Butyimetacryisfiureestsr- 

iMonomer hergestelit ist, und sine effeldive Menge eines Polymerisationsmittels, wobei der Korpar (12) femer 
einen hirteren occiusaien Berelch (14) aufWelst, wobei der aus der Vbrblndung hergestelite welche einta- 
schende Abschnitt (16) mit dem hirteren ocdusaien Berelch (14) verMebt tet. 

25 z Infceroodusale zahnmedizinische Vbrrlchtung nach Anspruch 1 , daduich gelcenraelchnel, dan die Polymerkom- 
ponente etuva 20-60 VbI.-% der hartbaren Vert)lndung tet 

3. interocdusaie zahnmedizinische Vonlchtung nach Anspruch 2, dadunoh gekennzalchnsti daft diese als tsnrtpo- 
ralmandibuiarefiehlbiGausgieichende Vbrrlchtung ausgeblidet ist 

90 

4. interocdusaie zahnmedizinische Vbrrlchtung nach Anspmch 2» dadurch gakaniuslchnety daB diese als Antl- 
schnarchvonlditung ausgeblidet let 



3S RevencDcatlons ^ 

1. Apparell dentaire souple dintra-oodusion, d fiiasticltft persistante ^ r6all86 en plusieurB mat6r1aux, comprenant : 

un corps (12) Induant une region de chemisage souple (16) qui est rdalisde en une composition durcissabie 
40 Injectable qui Indut un composant polymdre consUtud senslbiement de polym6re butyle rndthacryiate, un com- 

posant monomers constitud senslbiement de monom&re butyle mdthaciylate, et une quantitd effective d*un 
agent de polymerisation, ledit corps (12) induant en outre une rigion d'ocdusion (14) plus dure, iadite region 
de chemisage soupie (16) formde de iadite composition 4tant coll6e 6 la rdglon d*oGc!usion (14) plus dure. 

45 2. Apparell dentaire dlntra-ocdusion selon la revendtcation 1 , dans iequel ie composant polym^e est d'envlron 20 
ft 80 % en volume de la composition durcissabie. 

3. Apparell dentaire d'intra-ooduslon salon la revendication 2, fbrm6 d titre d'appareB centre ies dysfoncUonnements 
du Joint temporal-mandibulaire. 



so 



4. Apparell dentaire dintra-oodusion salon la revendication 2, formd a titre d'appareil anti-ronflemenis. 
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Fig. 2 A 
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Fig. 2B 
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Fig. 3 
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Fig- 4 
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